Longevity in women has been found to be associated with several reproductive factors; the age of women when they give birth, their total number of children, and the age at which they experience menopause. In the context of expectations from the evolutionary theory of aging, the focus of this study examined relationships between lifetime reproduction, age at menopause and longevity, while accounting for various lifestyle factors. The purpose of this study was to assess fertility and age at onset of menopause in 197 women of the Georgia Centenarian Study. It was hypothesized that greater lifetime reproduction would predict earlier menopause and subsequently an earlier death. An independent t test was computed to assess ethnic differences between Caucasian and African American participants. Two block-wise multiple regression analyses were computed to evaluate the impact of low socioeconomic status in childhood, the age at the time of the first childbirth, the total number of children, smoking and alcohol use, incidence of heart disease and stroke, and the age at onset of menopause on longevity. Results from this study suggest a positive association between the total number of children to the age at onset of menopause and longevity. However, when considering the lifestyle factor of smoking, the association of the total number of children to longevity is diminished.
Longevity in women has been found to be associated with several reproductive factors; the age of women when they give birth (1), the total number of children they have (2) , and the age at which they experience menopause (3) . The trade-off between an increase in life span and fertility may be explained by evolutionary theories of aging (4, 5) . This trade-off referred to by researchers has also been called the "biological warranty period" or "longevity determination" (6) . The concept of antagonistic pleiotropy introduces the idea that there is an early-life genetic reproductive benefit for humans, which comes at a deleterious effect later on in life (7) .
The disposable soma theory proposes a trade-off for humans between fecundity and longevity, in that those women who have a large number of children are more likely to have shorter life spans (8, 9) . This theory suggests that there is a limited amount of time the human body can devote to reproduction and going over that allotted time will result in an accumulation of cellular damage and decreased life span. However, the error propagation theory of aging proposes that the damage is a byproduct of physiological processes that promote reproduction at younger ages. This cell damage eventually reaches a threshold at older ages above which leads to intrinsic mortality by disrupting normal physiological processes (10) .
Although there has been an abundance of past data trying to link longevity and reduced fertility, the results have been mixed. Gavrilova and colleagues (11) completed a validation study on research by Westendorp and Kirkwood (12) who had proposed a negative association between reproduction and longevity. They found that the Westendorp study was based on an incomplete data set. Gavrilov and Gavrilova (13) discussed these findings again in 2005. However, in 2011, Tabatabaie and colleagues (14) assessed a group of Ashkenazi Jewish centenarians who were reproductive in the 1920s, and the results suggested that a lower number of children and delayed reproductive maturity increased longevity at the expense of fertility.
In the context of expectations from the evolutionary theory of aging, the focus of this study examined relationships between lifetime reproduction, age at menopause and longevity, while accounting for various lifestyle factors. It was hypothesized that greater lifetime reproduction would predict earlier menopause and subsequently an earlier death.
Methods

Participants
Participants for this study were participants in Phase 1 of the Georgia Centenarian Study which began in 1988. It included 321 communitydwelling older adults (38 male and 53 female sexagenarians, 31 male and 62 female octogenarians, and 35 male and 102 female centenarians). The centenarian cohort included participants born between 1881 and 1895, the octogenarian cohort was born between 1900 and 1910, and the sexagenarian cohort was born between 1919 and 1929. To test for selection effects, bivariate correlations were computed and yielded negative correlations between birth year and longevity of r = −.35, p < .001 for centenarians, r = −.39, p < .01 for octogenarians, and r = −. 23, p > .05 for sexagenarians, indicating that for the older two age groups, later-born birth cohorts had less favorable longevity.
As shown in Table 1 , this study included women (N = 197) and all of the participants of this study are now deceased. Of those women, 74.6% were Caucasian, 25.4% were African American and ranged in age from 60 to 106 years.
The centenarians were interviewed on a one-to-one basis in their homes. The others were interviewed at central locations around the state of Georgia; schools, churches, and senior centers.
All study participants were cognitively intact as assessed by the Mini-Mental Status Examination (15) and the Global Deterioration Scale (16) .
Measures
Health of the participants was addressed by self-report and health examination protocol. Self-reported health was measured by the Older Americans Resources and Services (OARS) self-rating of physical health (17) . Other variables included in this study were ethnicity, low socioeconomic status in childhood, age of the participant at the time of her first pregnancy, participant's age at onset of menopause, and their age at death.
Using the PERI-Life Events scale (18) , variables analyzed in this study included the participant's age at the onset of menopause and the participant's age at their first childbirth. Socioeconomic status in childhood was assessed by asking whether participants' socioeconomic conditions during childhood were "poor," "average," or "wealthy." The participants' age at death was obtained using family reports and the Social Security Death Index. The use of cigarettes was assessed by asking study participants if they smoked and if they did not, had they ever smoked. Alcohol use was assessed using a healthseeking behavior questionnaire (19) during the physical assessment. The question was "Do you try to avoid the use of alcohol?" The answers were "don't try at all," "try a little," or "try a lot." Each participant answered yes or no to the question, "Do you currently have, or have you ever experienced a stroke?" The same was asked of heart disease, and both questions were asked during a health assessment done by a physician or nurse practitioner.
Data Analysis
An independent t test was computed to determine any ethnic differences in this group of women. A blocked multiple regression analysis was used to develop a model for predicting participant's age at onset of menopause using ethnicity (Block 1), low socioeconomic status in childhood (Block 2), total number of children, age at first birth (Block 3), and alcohol and smoking use (Block 4).
An additional blocked multiple regression analysis was computed to test the impact of ethnicity (Block 1), low socioeconomic status in childhood (Block 2), age at the time of their first birth, total number of children (Block 3), smoking and alcohol use (Block 4), age at menopause (Block 5), and incidence of heart disease and stroke (Block 6), on longevity. Table 1 shows the frequencies of heart disease, smoking, and alcohol use. Seventy-two percent of the participants never smoked (34.4% sexagenarians, 65.5% octogenarians, and 91.8% centenarians). Sixtyseven percent of the participants reported no incidence of heart disease and 97% reported no incidence of stroke. The mean age at onset of menopause was 47.52 years, below the average age of 55 years (20) . There were no significant ethnic differences between Caucasians (M = 96.82, SD = 9.81) and African Americans (M = 96.00, SD = 12.08) to age at death, t(197) = .48, p = .63. In the first and second models of the hierarchical multiple regression for menopause (Table 2 ), ethnicity and low socioeconomic status in childhood did not predict the age at onset of menopause. Adding the total number of children and age at first childbirth to Model 3 and alcohol and smoking to Model 4, only the total number of children was shown to be a significant predictor of menopause (β = .18, p < .05).
Results
Models 1 and 2 of the blocked multiple regression analysis for longevity indicated no significant association of ethnicity or low childhood socioeconomic status with longevity ( Table 3 ). The total number of children was significantly associated with longevity in Model 3 (β = .19, p = .05), however, once smoking and alcohol usage were added to the fourth model, the total number of children was no longer significant. Smoking was highly associated with longevity (β = −.41, p < .001) in Model 4 and remained so in Models 5 and 6 (β = −.45, p < .001). As a follow-up analysis, we computed bivariate correlations for smoking and longevity separately by age groups: no significant within-group correlations for sexagenarians, r(34) = −.06, p =.74, octogenarians, r(61) = .03, p =.83 or centenarians, r(102) = −.12, p =.22 were obtained.
Discussion
This study examined the relationship between fertility, menopause, and longevity and how socioeconomic conditions in childhood and lifestyle choices related to the onset of menopause and with longevity. We first assessed possible effects of low socioeconomic status in childhood. Low socioeconomic status in childhood has also been shown to be predictive of mortality in later life. One hypothesis is that those with a lower socioeconomic status at a young age have less access to material resources that maintain or promote health (21) . According to life history theory, the environment may affect fertility, such as mortality rates and availability of resources (22) . Guralnik, Land, Blazer, Fillenbaum, and Branch (23) found that having a lower socioeconomic status was related to early mortality. Furthermore, early stress from those circumstances may lead to unhealthy behaviors throughout the life span, such as substance abuse (i.e., smoking) which is shown to reduce one's life expectancy. The results of this study suggested that low socioeconomic status in childhood did not affect the age at onset of menopause or longevity of these participants. It is unclear why we did not find an association between childhood socioeconomic status and mortality. The influence of childhood socioeconomic circumstances could have been underestimated due to a reporting bias. This could occur if participants from lower socioeconomic groups reported unfavorable childhood conditions less accurately than participants from higher social status groups.
There may have been numerous factors occurring from early to late adulthood that might have moderated the effect of low socioeconomic status in childhood, which were not addressed in this study.
We then assessed the timing of their first childbirth and the total number of children as they related to the age at onset of menopause and longevity. The first childbirth was not related to their age at onset of menopause or longevity, however, the total number of children was significantly associated to the age at onset of menopause. Furthermore, the total number of children had a positive effect on the longevity of these women prior to controlling for smoking.
Traditionally, a large number of children has an adverse effect on the length of life in women, supporting the cost of reproduction hypothesis which suggests that there is a trade-off of resources for women, between reproduction and longevity (9, 24, 25) . Other research has found that a greater number of children may be linked to a life-prolonging effect because of increased caregiving requirements (26) . In addition, this cohort of women may have been having more children with the thought that they would need a caregiver in their old age. A third explanation links the number of births and longevity to the timing of childbirth. Perls and Fretts (1) compared two similar birth cohorts born in 1896 that were made up of 78 centenarians and 54 non-centenarians. They reported that 19.2% of the centenarians gave birth to children after the age of 40 years, compared with 5.5% of those women who died in their early 70s. They concluded that selection for a long life has the secondary effect of extending the human reproductive period, as evidenced by some women giving birth into their 40s and 50s. They believe that it is not giving birth over 40 years that promotes longevity but rather it is an indicator that their reproductive system is aging slowly. It is the slow rate of aging that may lead to increased longevity. Therefore, a woman giving birth late in life, Perls and Fretts would suggest, has a particularly slow rate of overall aging and would thus be predicted to live a long life.
Although this study did not show a significant relationship with the first childbirth to longevity, this was not unexpected because the last childbirth appears to have the greater link to longevity in women (1, 26) . The event of last childbirth for these participants was not reported in the PERI-Life Events questionnaire.
Past research has indicated the later in life women give birth, the longer their rate of mortality (12, 27) . Müller and colleagues (26) agreed with this finding reporting that the age of the last child may be more significant in predicting longevity than the total number of births. This may be due to the decreased frailty found in high parity women, coupled with the caregiver hypothesis which is related to life extension in postmenopausal women.
Data collected from an American frontier population in the 19th and 20th century, which represented one of the largest data sets of natural fertility cohorts, were analyzed for fertility-related outcomes (28) . Again, this was an especially useful study in that it was representative of true human female fertility because of the lack of adequate birth control at that time. The results suggested that the more times a woman gave birth in her lifetime, the shorter her life span, which is in agreement with findings from Jacobsen and colleagues (24) and Lawler (9) . Interestingly, however, the same study found that the later in life a woman gave birth to her last child, the longer her longevity, which confirms findings from the Müller and colleagues (26) study. Kopp and Medzhitov (27) , along with Westendorp and Kirkwood (12) , also demonstrated that delayed reproduction tended to increase life span. Some evolutionary biologists might reason this to be "nature's way" for women to live long enough to care for all of her children. Evolutionary anthropologists would argue there is a trade-off between the mortality risk of late-life childbearing and the benefit of longevity to provide for offspring or grandchildren (28) .
The number of children was shown to have a positive effect on the age at which these women experienced menopause. Menopause occurs with the permanent cessation of ovarian function and amenorrhea lasting at least 12 consecutive months (20) . Some researchers have gone so far as to refer to menopause as an "adaptive response" in humans, because women have more to gain from being able to care for current offspring rather than continued fertility, thereby increasing the survival risk to subsequent generations (29) .
This positive relationship suggests that having more children may delay the onset of menopause, however, it is also possible that a delay in the onset of menopause may have provided more opportunities for having children, so this relationship may not be easily explained. All of these participants had their children before 1960 and the development of the birth control pill, therefore they were most likely having a greater number of children than had they had that option.
A study using a sample of just more than 5,000 Seventh-day Adventist women aged 55 to 100 years (3) found that substantial excess mortality was associated with early age onset of natural menopause. It was suggested that premature natural menopause may be related to higher mortality due to the adverse physiologic processes associated with early menopause (i.e., breast cancer and heart disease). In addition, this study found that women aged 55 and older at the time of menopause had a slightly higher risk of death than those aged 54 and younger.
In a study out of Japan, there was a 21% increased risk of stroke in women who had begun menopause under the age of 44 years, regardless of whether it was natural or induced (30) . Other past research studies have also identified the association between the increased risk of cardiovascular disease and early menopause (3, 24, 31, 32) . Using a large cohort of 35,000 nurses, there was a significant relationship between early menopause and heart attacks, but only in smokers. On the other hand, Wellons and colleagues (33) did not show a statistical association to early menopause and smoking following an adjustment for family history of cardiovascular disease; however, they noted that may be because family history is a better predictor of heart disease than smoking.
This study tested for null parity by comparing women who had children with those who did not and found no significant differences in age at menopause or length of life span. Rizvanovic and colleagues (34) did not show a statistical importance to null parity and age at menopause, however, several other studies found the age at menopause occurred earlier in those having no children (35, 36) .
Delayed menopause has been shown to lengthen a woman's life (3), whereas early menopause was found to be related to the premature development of certain diseases such as breast cancer and heart disease. This study did not show a relationship in the presence of heart disease and stroke, regardless of the age at menopause. In addition, the mean age of the onset of menopause of these participants was below the U.S. average of 55 years, yet the participants reported relatively low incidence of heart disease and stroke.
Research has shown that there may be a connection between the exposure to a number of environmental factors and the age at which women go through natural menopause (37, 38) . Smoking and alcohol abuse have been found to precipitate early onset menopause and, in turn, premature menopause was shown to be a significant predictor for stroke and cardiac heart disease (33) . In a longitudinal, multiethnic study of American women, Wellons and colleagues (33) reported that women who started menopause at an early age were two times more likely to have a future stroke or cardiac event, regardless of the reason for the early menopause. In another study, smoking and age of menopause were highly correlated and women began menopause an average of two years earlier when compared with non-smokers (39) .
The evolutionary medicine theory rejects the idea that disease rates following menopause naturally increase and that menopause itself is a disease process (40) . Evolutionary medicine posits that the occurrence of disease postmenopause is more likely due to lifestyle, especially in modern industrialized societies (40) . This is consistent with the findings of this study because smoking was shown to be the strongest link to longevity in women. The number of children was initially significant; however, that relationship was diminished once smoking was considered.
When interpreting these data, a few limitations need to be considered. These data were reported by the recollection of participants, which may introduce retrospective bias in the ages at which birth and menopause occurred. In addition, more of the participants were from the centenarian group. Most previous studies have drawn from different parts of the country, whereas participants in this study were from the Southeast and potentially had cultural uniqueness which may have accounted for a lack of replication in specific variable relationships.
In addition, data for these centenarians and the other shorter lived age groups do not belong to the same birth cohort. Centenarians were born in 1881 to 1895, octogenarians were born in 1900 to 1910, and sexagenarians were born in 1919 to 1929. This study reported a positive association between the total number of births and longevity and due to an historical decline in birthrate over that time period this may have produced a spurious result.
Finally, smoking may have been more accepted in this cohort of participants who were from the early 1900s southern area of the United States, whereas alcohol usage might not have been accepted. Therefore, the incidence of alcohol usage may be underreported. In addition, the questions used in this study about alcohol and smoking were not specific in the timing of occurrence or the amount consumed, and alcohol was only measured as health behavior, not as alcohol intake (e.g., number of drinks per day).
Past literature has found that fertility and menopause may affect longevity (26) , however, in this study, behavior was shown to be more influential to the length of life of these participants (i.e., smoking). Although Snowden (3) and Mondul and colleagues (41) reported a link between early menopause and longevity, there was no significant finding between these participants' longevity and their onset of menopause. The onset of menopause is defined as the absence of a menses for at least 1 year, however, some women may experience starting menopause again after that amount of time has passed, therefore specific onset dates may be misinterpreted. Furthermore, menopause was measured as a life event so it is unknown what participants considered as the timing of menopause. In addition, this study obtained all data via recollection which may have led to some misclassification of reported age at onset of menopause.
Longevity researchers have found that genetic, hormonal, psychological, and sociological factors all play a role in human longevity. The reasons for achieving longevity in women are complex. These findings suggest implications for the future of healthy aging in women based on the number of children they conceive and the age at which they give birth. The introduction of "the Pill" in 1960 caused the fertility of women to change forever. Future studies are needed to examine the association of fertility, smoking, and early menopause on longevity in women who manage their fertility with birth control. It is important for women to understand how lifestyle choices may affect the onset of menopause which in turn may affect their life span and how regulating their fertility may be predicting their longevity.
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